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１） コラーゲン特異的分子シャペロン Hsp47 の機能解析 
コラーゲン特異的分子シャペロン Hsp47 は 1986 年、永田らによって発見された新規タンパク質であ
り、コラーゲン合成において必須の役割を果たしている。その後の研究から、Hsp47 はまた線維化疾患の
増悪にも関与しており、この観点からは線維化組織での Hsp47 の阻害が重要である。Hsp47 阻害剤の探










によって分解される（ＥＲＡＤ）。この過程で潮田らにより、2008 年に ERdj5 という還元酵素が発見さ
れ、ミスフォールドタンパク質の品質管理機構において重要な役割を果たしていることをすでに報告して














て、解析を続けてきた。これまで、ミステリンタンパク質が AAA+ ATP アーゼ活性およびユビキチン化
活性を示すことや、ゼブラフィッシュの血管・筋肉・神経発生に重要であること、USP15 による正の制御
を受けることなどを明らかにしてきた（Sci Rep 2014, 2015, 2017）。さらに最近、ミステリンが脂肪







１）  コラーゲン特異的分子シャペロン Hsp47 の機能解析 
Hsp47 は小胞体に局在し、コラーゲン生合成に必須の分子シャペロンとして、我々が発見してから長年
研究を続けてきたタンパク質であるが、近年コラーゲン以外のタンパク質にも結合し、コラーゲンの分泌
に関与することが示唆されている(Ishikawa et al, PNAS, 2016)。新規結合パートナーを含む Hsp47 の


























元活性に特化した還元酵素 ERdj5 を発見し、ERdj5 が小胞体のレクチンタンパク質 EDEM および分子シ
ャペロン BiP と複合体を形成することを見出した。ERdj5 は小胞体でミスフォールドした分解基質のジス
ルフィド結合を自身の還元活性で切断し、小胞体からサイトゾルへの排出を促進し、タンパク質品質管理
において重要な役割を果たしていることを見出した（R. Ushioda et al.,Science 2008; M. Hagiwara et al. 
Mol.Cell 2011; R. Ushioda et al. Mol.Biol.Cell 2013）。 




た（R. Ushioda et al., PNAS 2016）。東北大学
の稲葉教授らとの共同研究において SERCA2b
の結晶構造が解明に成功しており（Inoue et al. 
























３．Research projects and annual reports 
We have been focusing our research on the productive folding of nascent polypeptides by 
molecular chaperones and protein quality control mechanism for misfolded proteins within the 
cells. Particularly, we have been devoted our activity on the following three major research 
projects:  
 
1:. Functional analysis of collagen-specific molecular chaperone Hsp47. A collagen-specific 
molecular chaperone Hsp47 localizes in the endoplasmic reticulum (ER) and has essential role 
for collagen synthesis in vertebrate. Recently, several new binging partners of Hsp47 were 
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identified, they may co-work with Hsp47 in collagen synthesis in the ER. We summarized such 
recent topics of Hsp47 as a mini-review in J Biol Chem (Ito S and Nagata K J Biol Chem. in press). 
Hsp47 could be a promising target for the management of fibrosis. We screened 
small-molecule compounds that inhibit the interaction of Hsp47 with collagen from chemical 
libraries and found that a molecule Col003 competitively inhibited the interaction and caused the 
inhibition of collagen secretion (Ito S et al, J Biol Chem. 2017).  
We are developing new screening systems and are searching for more effective Hsp47 
inhibitor. Herein, we established a bioluminescence resonance energy transfer (BRET) system 
for assessing Hsp47-collagen interaction dynamics within the ER. After optimization and 
validation of the method, inhibition of the interaction between Hsp47 and collagen by a small 
molecule (Col003) was demonstrated for the first time in the ER. Using the BRET system, we 
found that Hsp47 interacts not only with (Gly-Pro-Arg) but also weakly with (Gly-Pro-Hyp) motifs 
of triple helical collagen in cells. This method can provide valuable information on PPIs between 
Hsp47 and collagen, and the effects of PPI inhibitors important for the treatment of fibrotic 
disorders (under submission). We are searching for more promising compounds by this method. 
The project of Hsp47 inhibitor has developed into collaborating research with pharmaceutical 
companies and the National Institute of Advanced Industrial Science and Technology (AIST), and 
was adopted by ACceleration Transformative research for Medical Innovation (ACT-M) of Japan 
Agency for Medical Research and Development (AMED). Aiming for clinical application, our 
research on Hsp47-collagen interaction also integrates in vitro structure- activity relationship, 
in-cell inhibitory activity evaluation and in vivo efficacy evaluation. 
 
2: Maintenance of ER homeostasis through the crosstalk among Protein Quality Control, 
Redox regulation, and Ca2+ flux. We identified ERdj5 as a disulfide-reductase in the ER. ERdj5 
forms the supramolecular complex with EDEM and BiP, and activates the degradation of proteins 
misfolded in the ER by cleaving the disulfide bonds of misfolded proteins and facilitating the 
retrograde transport of these proteins from the ER lumen into the cytosol, where they are 
degraded by the ubiquitin-proteasome system, which is called as ERAD （R. Ushioda et al., 
Science 2008; M. Hagiwara et al. Mol. Cell 2011; R.Ushioda et al. Mol. Biol. Cell 2013）.  
  We found that ERdj5 cleaves the disulfide bond of SERCA2b, a Ca2+ pump on the ER membrane, 
and regulates its function. Additionally, ERdj5 senses the Ca2+ concentration in the ER and 
regulates the interaction with SERCA2b. It suggests that redox activity of ERdj5 is involved not 
only in protein quality control but also in Ca2+ homeostasis in the ER (R. Ushioda et al., PNAS 
2016). Furthermore, Inaba group (Tohoku Univ.) and we elucidated the structure of SERCA2b 
(Inoue et al. Cell Rep. 2019). This information may help to understand the activation mechanism 
of SERCA2b pump through ERdj5. On the other hand, we have revealed the mechanism of the 
electron transfer to ERdj5 from the nascent chain. 
 
3. Functional analysis of a novel protein, mysterin. We demonstrated that mysterin participates 
in the physiological angiogenesis during zebrafish embryogenesis (#Liu, #Morito et al., PLOS 
ONE, 2011; Kotani, *Morito et al, Sci Rep, 2015) and that mysterin forms a huge toroidal 
oligomer and changes its overall structure through ATP-binding and hydrolysis (Morito et al., Sci 
Rep, 2014).  However, mysterin’s physiological and pathological functions in cells remain largely 
unclear. We explored mysterin binding proteins expecting their functional correlation with 
mysterin, and found that a deubiquitylating enzyme USP15 deubiquitylates and stabilizes 
mysterin in an isoform specific manner (Kotani, *Morito et al, Sci Rep, 2017). Moreover, we 
18 19
recently identified its significant involvement in lipid metabolism in cells. This function is largely 
impaired by moyamoya disease mutations (Sugihara, *Morito et al., J Cell Biol, in press). 
 
４．論文、著書など  
  S.Ito, M.Saito, M.Yoshida, K.Takeuchi, T.Doi & K.Nagata : A BRET - based assay reveals collagen 
- Hsp47 interaction dynamics in the endoplasmic reticulum and small-molecule inhibition of this 
interaction. J Biol. Chem. in press 
  M.Yoshida, M.Saito, S.Ito, K.Ogawa,N.Goshima, K.Nagata&T.Doi : Structure-Activity Relationship 
Study on Col-003,a Protein-Protein Interaction Inhibitor between Collagen and Hsp47. 
Chem.Pharm.Bull. in press 
  S.Ito & K.Nagata : Roles of the endoplasmic reticulum-resident, collagen-specific molecular 
chaperone Hsp47 in vertebrate cells and human disease. J Biol. Chem. In press 
  R.Ushioda & K.Nagata : Redox-Mediated Reguiatory Mechanisms of Endplasmic Reticulum 
Homeostasis. Cold Spring Harbor Perspectives in Biology "Protein Homeostasis SECOND 
EDITION" Cold Spring Harbor Laboratory press  in press 
  M. Inoue, N. Sakuta, S. Watanabe, Y. Zhang, K. Yoshikaie, R. Ushioda, Y. Kato, J. Takeda, T. 
Tsukazaki, K. Nagata & K. Inaba：Structural Basis of Sarco/Endoplasmic Reticulum Ca2+-ATPase 
2b Regulation via Transmembrane Helix Interplay.  Cell Rep. in press 
  M. Sugihara, D. Morito, S. Ainuki, Y. Hirano, K. Ogino, A. Kitamura, H. Hirata & K. Nagata：The 
AAA+ ATPase/ ubiquitin ligase mysterin cytoplasmic lipid droplets J. Cell. Biol. in press 
S. Hirayama, M. Sugihara, D. Morito, S. Iemura, T. Natsume, K. Nagata：Nuclear export of 
ubiquitinated proteins via the UBIN-POST system  Proc. Natl. Acad. Sci. USA 
115(18):E4199-4208 (2018) 
P. Sasikumar, KS. AlOuda, W.J. Kaiser, LM. Holbrook, N.Kriek, AJ. Unsworth, AP. Bye, T. Sage, R. 
Ushioda, K. Nagata, RW. Farndale, JM.Gibbins：The chaperone protein HSP47: a platelet collagen 
binding protein that contributes to thrombosis and hemostasis  Journal of Thrombosis and 
Haemostasis 16: 1‒14 (2018) 
C. Caba, Hyder A. Khan, J. Auld, R. Ushioda, K. Araki, K. Nagata, B. Mutus：Conserved Residues 
Lys57 and Lys401 of Protein Disulfide Isomerase Maintain an Active Site Conformation for 
Optimal Activity: Implications for Post-translational Regulation Frontiers in Molecular 
Biosciences 10.3389 (2018) 
A. Kitamura, Y. Ishida, H. Kubota, CG. Pack, T. Homma, S. Ito, K. Araki, M. Kinjo, K. Nagata ：
Detection of substrate binding of a collagen-specific molecular chaperone HSP47 in solution 
using fluorescence correlation spectroscopy. Biochem Biophys Res Commun. 497:279-284 
(2018) 
D. Sepulveda, D. Rojas-Rivera, DA. Rodríguez ,J. Groenendyk, A. Köhler,C. Lebeaupin,S. Ito, H. 
Urra, A. Carreras-Sureda, Y. Hazari, M. Vasseur-Cognet, MMU. Ali,E. Chevet,G. Campos, P. 
Godoy,T. Vaisar, B. Bailly-Maitre, K. Nagata, M. Michalak,J. Sierralta,C. Hetz.：Interactome 
Screening Identifies the ER Luminal Chaperone Hsp47 as a Regulator of the Unfolded Protein 








森戸大介：ミステリン - もやもや病の責任遺伝子産物. 医学のあゆみ「蛋白質代謝医学 - 構造・機能の研
究から臨床応用まで」（医歯薬出版）Vol.267,No13,p1105-1110（2018） 
永田和宏、椛島健治：鍛えよ、知の体力を. 週刊医学界新聞（医学書院）第 3297 号（2018） 
永田和宏：cell Stress and Proteostasis Dysfunction in Aging and Disease. ヒューマン・フロンテ






Kazuhiro Nagata：Role of ER J protein for the maintenance of ER homeostasis. International 
workshop of CSSI, Gdansk (Poland), 2018.4.6 
Kazuhiro Nagata：Redox-mediated regulation of ER homeostasis. Cold Spring Harbor Meeting 
“Protein Homeostasis in Health and Disease”, Cold Spring Harbor(USA), 2018.4.20 
永田和宏：タンパク質品質管理機構の破綻：加齢と病態. 第 60 回日本老年医学会学術集会（特別講演）、
京都市、2018.06.14 
Kazuhiro Nagata：ERdj5 as a master regulator of the ER homeostasis: crosstalk of Ca2+ and  
redox homeostasis. FASEB Meeting”Protein Research Conferences”, Bonaventure(USA),  
2018.07.28 
Kazuhiro Nagata：Nascent polypeptide as a souse of reductive power in the ER. International 
Symposium”Proteins:from the Cradle to the Grave”, Hieizan, 2018.08.27 
 
学会発表 






Turnover of ERdj8 through the endoplasmic reticulum associated degradation regulates the size 
of autophagosomes. 第 1 回ユビキチン研究会、東京、2018.01.18（口頭発表） 
Ryo Ushioda：Maintenance od ER Homeostasis through Disulfide Reductase Erdj5. 東京工業大
学化学生命科学研究所国際フォーラム、東京都、2018.03.5（口頭発表） 
Ryo Ushioda：Maintenance of ER homeostasis through disulfide reductase ERdj5. 
International workshop of CSSI, Gdansk (Poland), 2018.4.6（口頭発表） 
Daisuke Morito：Structure and Function of AAA+ ATPase/ubiquitin ligase mysterin. Keystone 
Symposia on Molecular and Cellular Biology, Kyoto, 2018.04.22-26 
潮田亮：小胞体ジスルフィド還元酵素 ERdj5 の還元ドナーの探索. 平成 30 年度生理学研究所研究会、
岡崎市、2018.04.26（口頭発表） 
山下龍志、潮田亮、永田和宏：小胞体還元酵素 ERdj5 の欠損はミトコンドリアの断裂を引き起こす. 平
成 30 年度生理学研究所研究会、岡崎市、2018.04.26（ポスター優秀発表賞） 
藤井唱平、潮田亮、永田和宏：レドックス依存的な小胞体カルシウムチャネルの動態解析. 新学術研究
「新生鎖の生物学」第 5 回若手ワークショップ、蔵王市、2018.05.14-15 
上垣日育、潮田亮、永田和宏：新生鎖による小胞体還元力導入機構の解明. 新学術研究「新生鎖の生物
学」第 5 回若手ワークショップ、蔵王市、2018.05.14-15 
20 21
葛西綾乃、永田和宏：小胞体ミスフォールドタンパク質の選択的オートファジー分解. 第 70 回日本細
胞生物学会、第 51 回日本発生生物学会合同大会、東京都、2018.06.05-08 
伊藤進也：コラーゲン特異的分子シャペロン Hsp47 の機能解析. 京都バイオ計測センター研究交流発
表会、京都市、2018.06.21（口頭発表） 
伊藤進也、永田和宏：小胞体内におけるコラーゲンとその特異的分子シャペロン間の相互作用の検出と
阻害. 第 18 回日本蛋白質科学会年会、新潟市、2018.06.26-28 
Ayano Kasai,Yo-hei Yamamoto,Tomoe Takino,Richard I. Morimoto,MIyuki Sato,Ken Sato and 
Kazuhiro Nagata：Physiological role of a novel ER membrane protein, ERdj8, which determines 
the size of autophagy.  FASEB Meeting”Protein Research Conferences”, Bonaventure(USA), 
2018.07.22-27 
Riyuji Yamashita, Ryo Ushioda, Kazuhiro Nagata：Deficiency of ER-resident reductase ERdj5 
causes disruption of Mitochondrial morphology.  FASEB Meeting”Protein Research 
Conferences”,Bonaventure (USA), 2018.07.22-27 
Ryo Ushioda, Kaiku Uegaki, Kazuhiro Nagata：Nascent chain as Electron donor for disulfide 
reductase in the ER. International Symposium”Proteins:from the Cradle to the Grave”, Hieizan, 
2018.08.27-29 
Daisuke Morito, Shiori Ainuki, Munechika Sugihara and Kazuhiro Nagata：The unique AAA+ 
ATPase/ubiquitin ligase mysterin is involved in the cellular fat metabolism.  International 
Symposium”Proteins:from the Cradle to the Grave”, Hieizan, 2018.08.27-29 
Shinya Ito, Koji Ogawa, Koh Takeuchi, Masahito Yoshida, Takatsugu Hirakawa, Takayuki Doi, 
Naoki Goshima, Tohru Natsume and Kazuhiro Nagata：A small-molecule compound inhibits a 
collagen-specific molecular chaperone Hsp47 and could represent a potential remedy for 
fibrosis. International Symposium”Proteins:from the Cradle to the Grave”, Hieizan, 
2018.08.27-29 
Shohei Fujii, Ryo Ushioda and Kazuhiro Nagata：Distinct cysteine pairs contribute to assembly 
and regulation of ins(1,4,5)P3 receptors.  International Symposium”Proteins:from the Cradle to 
the Grave”, Hieizan, 2018.08.27-29 
Chika Tsutsumi, Kaiku Uegaki, Riyuji Yamashita, Ryo Ushioda and Kazuhiro Nagata：
Zinc-dependent functional switching of ERp18, a novel ER thioredoxin. International 
Symposium”Proteins:from the Cradle to the Grave”, Hieizan, 2018.08.27-29 
Riyuji Yamashita, Ryo Ushioda and Kazuhiro Nagata：Deficiency of ER-resident reductase 
ERdj5 causes disruption of Mitochondrial morphology. International Symposium”Proteins:from 
the Cradle to the Grave”, Hieizan, 2018.08.27-29 
Shiori Ainuki, Daisuke Morito, Munechika Sugihara and Kazuhiro Nagata：Regulation of lipid 
metabolism by 591 kDa AAA+ ATPase/ubiquitin ligase, and its impairment by moyamoya 
disease mutations. International Symposium”Proteins:from the Cradle to the Grave”, Hieizan, 
2018.08.27-29 
Shohei Fujii, Ryo Ushioda and Kazuhiro Nagata：Distinct cysteine pairs contribute to assembly 
and regulation of ins(1,4,5)P3 receptors. The 15th International Meeting of the European Calcium 
Society, Hamburg, 2019.9.10-13 
Shinya Ito、Kazuhiro Nagata：Collagen-specific molecular chaperone Hsp47 would be a 
therapeutic target for fibrotic diseases. 19th Congress of International Society for Biomedical 
Research on Alcoholism, Kyoto, 2018.09.11 
山下龍志、潮田亮、永田和宏：Deficiency of ER-resident reductase ERdj5 causes disruption of 
20 21
Mitochondrial morphology. 線虫研究の未来を考える会、三島市、2018.09.14-15 
伊藤進也、永田和宏：コラーゲン特異的分子シャペロン Hsp47 の機能制御. 第 13 回小胞体ストレス研
究会、宮崎市、2018.11.16-17（口頭発表） 















































東北大学 CORE ラボ共同研究 
課題名：レドックス制御による小胞体恒常性維持機構の解明、研究代表者：潮田亮、取得年度：2018 年  
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